Target Systems and Decision-making to Increase Production Sustainability  by Putz, Matthias et al.
Available online at www.sciencedirect.com
2212-8271 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the 23rd CIRP Conference on Life Cycle Engineering
doi: 10.1016/j.procir.2016.03.034 
 Procedia CIRP  48 ( 2016 )  34 – 39 
ScienceDirect
UG&,53&RQIHUHQFHRQ/LIH&\FOH(QJLQHHULQJ
7DUJHW6\VWHPVDQG'HFLVLRQ0DNLQJWR,QFUHDVH3URGXFWLRQ6XVWDLQDELOLW\
 0DWWKLDV3XW]D8ZH*|W]HE-RKDQQHV6WROGWD(QULFR)UDQ]D 
D)UDXQKRIHU,QVWLWXWHIRU0DFKLQH7RROVDQG)RUPLQJ7HFKQRORJ\,:85HLFKHQKDLQHU6WUDH&KHPQLW]*HUPDQ\
E&KDLURI0DQDJHPHQW$FFRXQWLQJDQG&RQWURO7HFKQLVFKH8QLYHUVLWlW&KHPQLW]3URIHVVXU%:/,,,&KHPQLW]*HUPDQ\
&RUUHVSRQGLQJDXWKRU7HOID[(PDLODGGUHVVMRKDQQHVVWROGW#LZXIUDXQKRIHUGH
Abstract 
0DQ\LQGXVWULDOFRPSDQLHVDUHWU\LQJWRLPSURYHWKHLURSHUDWLRQ¶VVXVWDLQDELOLW\+RZHYHUWKHVHHIIRUWVWRZDUGVFKDQJHDUHXVXDOO\JRYHUQHG
E\ HFRQRPLF FRQVLGHUDWLRQV 7KLV VHUYHV WR QHJOHFW RU DW OHDVW GLPLQLVK WKH SHUFHLYDEOH UHOHYDQFH RI HFRORJLF RU VRFLDO FRQVHTXHQFHV IRU
LQYHVWLJDWHG DOWHUQDWLYHV 7KLV SDSHU GLVFXVVHV WKH LPSOLFDWLRQV RI PXOWLFULWHULDO WDUJHW V\VWHPV ZKLFK H[WHQG WKH VFRSH RI FRQVLGHUDWLRQV
EH\RQGHFRQRPLFVWRVXSSRUWWKHUHDOLVDWLRQRISURDFWLYHHQYLURQPHQWDOVWUDWHJLHV$VSHFLDOIRFXVLVVHWRQWKHGHILQLWLRQRIWDUJHWVDVZHOODV
GHFLVLRQPDNLQJLQEURZQILHOGSODQQLQJSURMHFWV7KHILQGLQJVDUHDSSOLHGLQDVLPXODWLRQEDVHGVWXG\RQWKHSDUDPHWHULVDWLRQRIDQHQHUJ\
VHQVLWLYHSURGXFWLRQFRQWUROVWUDWHJ\
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHVFLHQWLILFFRPPLWWHHRIWKHUG&,53&RQIHUHQFHRQ/LIH&\FOH
(QJLQHHULQJ
.H\ZRUGV7DUJHWV\VWHPV%URZQILHOGSODQQLQJSURMHFWV6XVWDLQDELOLW\(QHUJ\VHQVLWLYHSURGXFWLRQVWUDWHJ\0XOWLREMHFWLYHJHQHWLFDOJRULWKP16*$,,
1.Introduction 
/HJLVODWRUV DFURVV WKH ZRUOG DUH SXVKLQJ IRU WKH XVH RI
FOHDQ HQHUJ\ KLJK HQHUJ\ HIILFLHQF\ DQG HUJRQRPLF ZRUN
HQYLURQPHQWV 6LPLODUO\ FXVWRPHUV DQG VKDUHKROGHUV H[SHFW
FRPSDQLHVWRZRUNWRZDUGVVXVWDLQDEOHRSHUDWLRQV)ROORZLQJ
WKH81GHILQLWLRQRIWKHWHUPWKLVLQFOXGHVHFRORJLFHFRQRP
LFDQGVRFLDOWDUJHWV>@<HWDFWXDOGHFLVLRQPDNLQJSURFHVVHV
DUH XVXDOO\ JRYHUQHG E\ HFRQRPLF FRQVLGHUDWLRQV 6WLOO WKH
HQYLURQPHQWDO VWUDWHJ\ RI DQ RUJDQLVDWLRQ KDV WUHPHQGRXV
LQIOXHQFHRQLWVDSSURDFKWRZDUGVVXVWDLQDEOHFKDQJHDQGFDQ
EHFODVVLILHGRQDVFDOHIURPGHIHQVLYHWRSURDFWLYH>@'H
IHQVLYHVWUDWHJLHVUHJDUGHQYLURQPHQWDODVSHFWVDVDFRQVWUDLQW
LPSRVHG E\ RIILFLDO ERGLHVZKLOH SURDFWLYH XQGHUVWDQG WKHP
DVDQDXWRQRPRXVWDUJHWILJXUH,QEHWZHHQWKHVHWZRDFFRP
PRGDWLYH DSSURDFKHV FDQ EH LGHQWLILHG ZKHUH HQYLURQPHQWDO
DFWLRQVVXUSDVVOHJDOGHPDQGVWRFUHDWHHFRQRPLFDGYDQWDJHV
'HFLVLRQPDNLQJ SURFHVVHV ZKLFK IRFXV WRR PXFK RQ WKH
HFRQRPLFV DUH SUREOHPDWLF EHFDXVH LPSRUWDQW HFRORJLF DQG
VRFLDOIDFWRUVPD\EHGLVUHJDUGHGRUQHHGWREHDVVHVVHGRQD
PRQHWDU\ EDVLV (VSHFLDOO\ LQ IDFWRU\ SODQQLQJ SURMHFWV WKLV
VHUYHV WR QHJOHFW RU GLPLQLVK WKH FRQVLGHUDWLRQ RI QRQHFR
QRPLF FRQVHTXHQFHV E\ GHFLVLRQ PDNHUV $W WKH VDPH WLPH
GHFLVLRQPDNHUV RFFXS\LQJ GLIIHUHQW UROHV LQ FRPSDQLHV ZLOO
IRFXVRQGLIIHUHQWWDUJHWILJXUHV
(PSKDVLVLQJ HFRORJLF DQG VRFLDO DVSHFWV LQ WKH GHFLVLRQ
PDNLQJ SURFHVV FDQ VHUYH WR VXSSRUW WKH UHDOLVDWLRQ RI SUR
DFWLYH HQYLURQPHQWDO VWUDWHJLHV DQG WR IRVWHU FKDQJH WRZDUGV
PRUH VXVWDLQDEOHSURGXFWLRQ RSHUDWLRQV7KLVSDSHUGLVFXVVHV
KRZ PXOWLFULWHULDO WDUJHW V\VWHPV FDQ EH V\VWHPDWLFDOO\
LQFOXGHG LQ EURZQILHOG IDFWRU\ SODQQLQJ SURMHFWV $UJXDEO\
WKLVDSSURDFKPD\DOVREHDSSOLHGLQJUHHQILHOGSURMHFWV<HW
EURZQILHOGZDVIRFXVVHGXSRQIRULWVHPSKDVLVRQOHVVVWUXF
WXUDO FKDQJH DQG JUHDWHU FRVW SUHVVXUH $ SRWHQWLDO GHFLVLRQ
SUREOHPLQVXFKSURMHFWVLVWKHVHOHFWLRQDQGRSWLPDOSDUDPH
WHULVDWLRQRIDQHQHUJ\VHQVLWLYHSURGXFWLRQFRQWUROVWUDWHJ\WR
LQFUHDVH VXVWDLQDELOLW\ 7KLV LV KHUHDIWHU H[HPSOLILHG XVLQJ D
FDVHVWXG\IURPWKHDXWRPRWLYHLQGXVWU\VSHFLILFDOO\WKHERG\
VKRSZKLFKLVLQWURGXFHGLQ6HFWLRQ,QWKHIROORZLQJVRPH
JHQHUDO FRQVLGHUDWLRQV RQ GHFLVLRQPDNLQJ WKHRU\ DV ZHOO DV
WKH GHILQLWLRQ RI WDUJHW V\VWHPV ZLOO EH LQWURGXFHG EHIRUH D
FDVHVWXG\VSHFLILF WDUJHW V\VWHP LV SUHVHQWHG DQG SRVVLEOH
GHFLVLRQPDNLQJSURFHGXUHVDUHRXWOLQHG6HFWLRQGLVFXVVHV
KRZ WKH LQLWLDO SUREOHPZDV WKHQ LQYHVWLJDWHG XVLQJPDWHULDO
IORZ VLPXODWLRQ DQG PXOWLREMHFWLYH JHQHWLF DOJRULWKPV 7KH
FRUUHVSRQGLQJUHVXOWVDUHDOVRGLVFXVVHGLQWKLVVHFWLRQ
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2.Problem definition and case study 
&DU ERG\ VKRSV LQ FRXQWULHVZLWK KLJK ODERXU FRVWVPDNH
XVH RI KLJKO\ DXWRPDWHG HTXLSPHQW ZKLFK LV GHVLJQHG DQG
RSHUDWHGIRUPD[LPXPTXDOLW\DQGSURGXFWLYLW\1RQHWKHOHVV
HIILFLHQF\ LPSURYHPHQWV DW PLQLPXP FRVW DUH H[SHFWHG DQG
VRXJKW RQ D UHJXODU EDVLV $ SURPLVLQJ DSSURDFK FDQ EH WKH
LQWURGXFWLRQRIHQHUJ\VHQVLWLYHSURGXFWLRQFRQWUROVWUDWHJLHV
7KHLULPSOHPHQWDWLRQLVDVVRFLDWHGZLWKORZFRVWVDVSULPDUL
O\RUJDQLVDWLRQDOFKDQJHVDUHQHHGHGEXWDOVRSRVHVKLJKULVNV
FRQFHUQLQJSURFHVVGLVUXSWLRQV<HWWKH\FDQVHUYHWRLQFUHDVH
WKHVXVWDLQDELOLW\RIDSURGXFWLRQVLWHLIFDUHIXOO\SODQQHG
'HFLGLQJ RQ WKH PRVW VXLWDEOH VWUDWHJ\ WR LPSOHPHQW DQG
WKHSDUDPHWHUVLWVKRXOGXVHLVKRZHYHUDGLIILFLOHWDVN7KLV
LV KHUHDIWHU H[HPSOLILHG LQ D FDVH VWXG\ZKLFK LQYHVWLJDWHV D
FDUERG\VKRSLQDFRPPRQILVKERQHVWUXFWXUHZLWKPDQXDO
DVVHPEO\ VWDWLRQV DQG D ILQLVKLQJ DUHD OLJKW WXQQHO RQ WKH
PDLQSURGXFWLRQOLQH7KHDVVHPEO\VWDWLRQVDUHVXSSOLHGE\
IXOO\ DXWRPDWHG IDFLOLWLHV VXEV\VWHPV HDFK ZKLFK SURGXFH
IURQWGRRUVIRUGRRUYDULDQWV)'IURQWDQGUHDUGRRUVIRU
GRRUYDULDQWV)'5'ERQQHWVWDLOJDWHVDQGZLQJV$OO
RIWKHVHVXEV\VWHPVDUHGHFRXSOHGIURPWKHPDLQOLQHWKURXJK
EXIIHUV)LJGHSLFWVWKHFRUUHVSRQGLQJOD\RXWVWUXFWXUH
)RU WKH RSHUDWLRQ RI WKH VXEV\VWHPV WZR HQHUJ\VHQVLWLYH
SURGXFWLRQ VWUDWHJ\ KDYH EHHQ VXJJHVWHG HQL.DQEDQ >@ DQG
&RQ(Q,3 >@ HQL.DQEDQ LV LQ HVVHQFH D .DQEDQ VROXWLRQ
ZKLFKOLQNVSURGXFWLRQFRQWUROWRHTXLSPHQWFRQWURO7KHLGHD
LVWRRSHUDWHWKHHTXLSPHQWLQDZD\ WKDW MRLQVPXOWLSOHVKRUW
LGOH SHULRGV WR IHZHU EXW ORQJHU RQHV GXULQJ ZKLFK HQHUJ\
VDYLQJVFDQEHDFKLHYHGE\VKXWWLQJGRZQPDFKLQHU\7KLVLV
IDFLOLWDWHGE\VWRSSLQJSURGXFWLRQDQGVZLWFKLQJRIIPDFKLQHV
DQG LQIUDVWUXFWXUH ZKHQ EXIIHUV DUH IXOO DQG VWDUWLQJ WKHP
ZKHQDORZHUWKUHVKROGLVUHDFKHG%RWKWKHEXIIHU¶VVL]HDQG
PLQLPDOFRQWHQWPXVWEHSDUDPHWHULVHGSHUVXEV\VWHP
&RQ(Q,3 RQ WKH RWKHU KDQG WULHV WR OLPLW WKH QHFHVVDU\
SRZHULQSXWRIWKHHQWLUHV\VWHP)RUWKLVSXUSRVHDTXHXLQJ
V\VWHP IRU SURGXFWLRQ MREV LV LQWURGXFHG ZKLFK ZLOO RQO\
DOORZSURGXFWLRQIDFLOLWLHVHJVXEV\VWHPVWRRSHUDWHZKHQD
MREDQGVXIILFLHQWSRZHUFDSDFLW\DUHDYDLODEOH2QFHDQHQWLW\
ILQLVKHVDOOMREVLWLVVKXWGRZQIRUDPLQLPDOSHULRGRIWLPH
IUHHLQJSRZHUFDSDFLW\ -REVDUHFUHDWHGDQGDGGHG WRTXHXH
ZKHQDFHUWDLQDPRXQWRIEXIIHUHGSDUWVKDYHEHHQXVHGLH
OHIWWKHEXIIHU7KHSDUDPHWHUVRIWKLVVWUDWHJ\DUHWKHMREVL]H
DQGQXPEHURIMREVSHUVXEV\VWHPWKHSURGXFWRIZKLFKLVWKH
EXIIHUVL]HRIWKHGHFRXSOLQJEXIIHU WKHSULRULW\VWUDWHJ\IRU
WKH &RQ(Q,3 MRE TXHXH WKH PLQLPDO VKXWGRZQ WLPH IRU
VXEV\VWHPV DQG WKH PD[LPDO SRZHU WR EH FRQVXPHG E\ WKH
HQWLUH SURGXFWLRQ V\VWHP 7KH ODWWHU FDQ EH VHJPHQWHG RYHU
WLPHLHIRUWKHGD\±DQGWKHQLJKW±
,Q RUGHU WR GHFLGH RQ WKH VWUDWHJ\ DQG WKH UHVSHFWLYH
SDUDPHWHUV WKHDERYH V\VWHP LV VLPXODWHG WRFROOHFWGDWD IRU
FDOFXODWLQJ VXLWDEOH WDUJHW ILJXUHV DFFRUGLQJ WR WKH WDUJHW
V\VWHP3DUDPHWHUVRIWKHVWUDWHJLHVDUHLQWHJHUQXPEHUVIURP
ZLWKLQ D SUHGHWHUPLQHG UDQJHZLWK HTXLGLVWDQW VWHS VL]H HJ
EXIIHU VL]H   Q Q ϵ ^   `7KH XVH RI VLPXODWLRQ LV
SUHIHUDEOHDVLWHQVXUHVDORZSUREDELOLW\IRUSURFHVVGLVUXSW
LRQVGXULQJWKHWHVWLQJDQGLPSOHPHQWDWLRQRIDVWUDWHJ\

/LJKW
WXQQHO:6:6:6:6

)LJ6WUXFWXUHRIWKHH[HPSODU\SURGXFWLRQIDFLOLW\>@
3.Decision theory-based approach for decision-making 
,Q RUGHU WR UHDFK JUHDWHU VXVWDLQDELOLW\ LQ FRPSOH[
SUREOHPV VRPH LQVLJKWV LQWR GHFLVLRQ WKHRU\ DUH YDOXDEOH
+HQFH D EULHI LQWURGXFWLRQ LQWR WKH PDWWHU LV SUHVHQWHG
KHUHDIWHUIROORZHGE\DFDVHVWXG\GULYHQGLVFXVVLRQRIWDUJHW
V\VWHPVDQGGHFLVLRQPDNLQJSURFHGXUHV
 %DVLFVIURPGHFLVLRQWKHRU\
7KH GHVFULSWLRQ RI WKH XQGHUO\LQJ SUREOHP UHYHDOV LWV
FRPSOH[LW\ 6HYHUDO WDUJHW FULWHULD DUH UHOHYDQW LW KDV WR EH
GHFLGHG RQ DQ HQHUJ\VHQVLWLYH SURGXFWLRQ VWUDWHJ\ DQG LWV
FRQFUHWH LPSOHPHQWDWLRQ E\ VHWWLQJ WKH SDUDPHWHUV OLVWHG LQ
WKHSUHYLRXVVHFWLRQDQGWKHUHVXOWVDUHGHSHQGHQWRQYDULRXV
XQFHUWDLQ LQIOXHQFLQJ IDFWRUV VXFK DV WKH LQWHQGHG RXWSXW
IDFWRUSULFHVHWF)RUVWUXFWXULQJVXFKFRPSOH[GHFLVLRQILHOGV
D GUDZEDFN RQ IXQGDPHQWDO WKRXJKWV RI GHFLVLRQ WKHRU\ LV
PHDQLQJIXO>@$FFRUGLQJWRGHFLVLRQWKHRU\LQDV\VWHPDWLF
GHFLVLRQPDNLQJSURFHVVWKHDOWHUQDWLYHVKDYHWREHHYDOXDWHG
ZLWK UHVSHFW WR WKH RQH RU PRUH UHOHYDQW WDUJHW FULWHULD DQG
DJDLQVWWKHEDFNJURXQGRIRQHRUPRUHVFHQDULRVEXQGOLQJWKH
H[SHFWHGRXWFRPHVRIUHOHYDQWLQIOXHQFLQJIDFWRUVIURPLQVLGH
DQG RXWVLGH D FRPSDQ\$V D FHQWUDO SDUW RI WKLV HYDOXDWLRQ
WKH H[SHFWHG HIIHFWV RI WKH DOWHUQDWLYHV RQ WKH WDUJHW FULWHULD
KDYHWREHLGHQWLILHGDQDO\VHGDQGIRUHFDVWE\XVLQJLPSOLFLW
RU H[SOLFLW UHVXOW IXQFWLRQV WKDW PRGHO WKH UHODWLRQVKLS
EHWZHHQ DOWHUQDWLYHV LQIOXHQFLQJ IDFWRUV DQG WDUJHW FULWHULD
&RQFOXGLQJWDUJHWFULWHULDDOWHUQDWLYHVVFHQDULRVLQIOXHQFLQJ
IDFWRUV DV ZHOO DV UHVXOW IXQFWLRQV DQG WKHLU UHVXOWV DUH
FRQVWLWXWLYH HOHPHQWV RI GHFLVLRQ SUREOHPV DV ZHOO DV WKH
PRGHOVUHSUHVHQWLQJWKHP6LQFHWKHWDUJHWV\VWHPLVWKHIRFDO
SRLQW RI DOO SUREOHP VROYLQJ DFWLYLWLHV FRQFHUQLQJ WKHVH
HOHPHQWV LQFOXGLQJ WKH HYDOXDWLRQ RI DOWHUQDWLYHV WKH
IRUPLQJRIDWDUJHWV\VWHPLVIRFXVHGLQWKHQH[WVWHS
 )RUPLQJDWDUJHWV\VWHP
,Q WKH LQWURGXFWLRQ LW ZDV DUJXHG WKDW FRQWHPSRUDU\
SURGXFWLRQVWUDWHJLHVVKRXOGEHGLUHFWHGWRZDUGVWKHFULWHULDRI
VXVWDLQDELOLW\7KXVDWDUJHWV\VWHPIRUEURZQILHOGSODQQLQJ
VKRXOGFRPSULVHWKHHFRQRPLFDVZHOODVHFRORJLFDODQGVRFLDO
WDUJHWVWKDWDUHLQIOXHQFHGE\WKHDOWHUQDWLYHVXQGHUFRQVLGHUD
WLRQ6LQFHWHFKQLFDOWDUJHWVVXFKDVFDSDFLW\DQGSURGXFWLYLW\
DUH DOVR RIWHQ GLVFXVVHG LQ WKH FRQWH[W RI GHFLVLRQV RQ
SURGXFWLRQVWUDWHJLHVWKHTXHVWLRQDULVHVKRZVXFKWDUJHWVDUH
FRXSOHGZLWK WKH HFRQRPLF HFRORJLFDO DQG VRFLDO WDUJHWV IR
FXVHGE\WKHFRQFHSWRIVXVWDLQDELOLW\)LJSUHVHQWVWKHDQ
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VZHU7HFKQRORJ\ HQDEOHV FRQWULEXWLRQV WR VXVWDLQDELOLW\ DQG
HVSHFLDOO\WRVXVWDLQDEOHSURGXFWLRQE\DKLJKHUUHVRXUFHHIIL
FLHQF\ OHVV HPLVVLRQV EHWWHU ZRUNLQJ FRQGLWLRQV HWF 7KXV
WHFKQRORJLFDO WDUJHWVFDQEHVHHQDVDSUHUHTXLVLWHRIWKHIXO
ILOPHQWRIHFRQRPLFDVZHOODVHFRORJLFDODQGVRFLDOWDUJHWV
)LJLVDQLQLWLDOSRLQWIRUIRUPLQJWDUJHWV\VWHPVLQVSH
FLILFGHFLVLRQSUREOHPV,WLPSOLHVWKHQHFHVVLW\WRGHWHUPLQH
x ZKLFKFRQFUHWHHFRQRPLFHFRORJLFDODQGVRFLDOWDUJHWV
VKRXOGEHLQFOXGHGLQWKHGHFLVLRQPDNLQJSURFHVVDQGLQ
ZKLFKZD\WKLVVKRXOGEHGRQHDVZHOODV
x KRZWRKDQGOHWHFKQRORJLFDOWDUJHWV
'UDZLQJEDFN WRGHFLVLRQ WKHRU\ DJDLQ LW KDV WREHQRWHG
WKDW WKH WDUJHW V\VWHP VKRXOG H[SUHVV WKH SUHIHUHQFHV RI WKH
GHFLVLRQ PDNHU FRQFHUQLQJ WKH W\SH RI WDUJHWV WKH H[WHQW RI
WKHLU UHDOL]DWLRQ WKH ULVN FRQFHUQLQJ WKHLU IXOILOPHQW DQG WKH
WLPHLQZKLFKWKHUHVXOWVDUHDFKLHYHG
&RQFHUQLQJ WKH W\SH RI WDUJHW FULWHULD DV ZHOO DV WKH
HFRQRPLF HFRORJLFDO DQG VRFLDO GLPHQVLRQVRI VXVWDLQDELOLW\
LWLVVXJJHVWHGWR
x WDNHWKHJHQHUDOWDUJHWV\VWHPRIDFRPSDQ\ZLWKLWV
HFRQRPLFHFRORJLFDODQGVRFLDOJRDOVDVDVWDUWLQJSRLQW
x DQDO\VHZKLFKRIWKHVHWDUJHWVDUHLQIOXHQFHGE\WKH
DOWHUQDWLYHVXQGHUFRQVLGHUDWLRQ
x LQFOXGHWKHLGHQWLILHGWDUJHWFULWHULDGLUHFWO\LQWKHWDUJHW
V\VWHPRUGHILQHRWKHUFULWHULDDVUHSUHVHQWDWLYHV
x DVVXUHWKHPHDVXUDELOLW\RIWKHFULWHULD
x FRPELQHWKHPWRDV\VWHPRIWDUJHWFULWHULDWKDWLV
WUDQVSDUHQWDVZHOODVIUHHRIRYHUODSSLQJDQGDOORZVWKH
WDUJHWFULWHULDWREHIXOILOOHGLQGHSHQGHQWO\DQG
x SRVVLEO\WDNHWKHLUGLIIHUHQWUHOHYDQFHLQWRDFFRXQWE\
UDQNLQJRUZHLJKWLQJWKHP
)RU WDNLQJ WKH H[WHQW RI WDUJHW IXOILOPHQW LQWR DFFRXQW
IXQFWLRQVRIWKHXWLOLW\RIWKHGHFLVLRQPDNHULQGHSHQGHQFHRI
WKLVGHJUHHPD\EHIRUPXODWHG7KHVHPD\LQFOXGHOLQHDUDQG
QRQOLQHDU IXQFWLRQV DV ZHOO DV PLQLPDO RU WKUHVKROG YDOXHV
&RQFHUQLQJ ULVN HLWKHU FHUWDLQW\ LV DVVXPHG RU WKH ULVN
SUHIHUHQFH LV GHWHUPLQHG DJDLQVW WKH EDFNJURXQG RI WKH
SRVVLEOH WDUJHW FULWHULD YDOXHV 7KH LQFOXVLRQ RI WLPH SUHIHU
HQFHV LV LPSRUWDQW HVSHFLDOO\ IRU ORQJWHUP GHFLVLRQPDNLQJ
)RU WKH HFRQRPLF GLPHQVLRQ LW LV FRPPRQ WR GLVFRXQW FDVK

Ä(QDEOHU³
7HFKQRORJ\
(FRORJLFDO6XVWDLQDELOLW\

)LJ7HFKQRORJ\DVDQ³HQDEOHU´IRUVXVWDLQDELOLW\FI>@
IORZV RI GLIIHUHQW SHULRGV IRU FDOFXODWLQJ D QHW SUHVHQW YDOXH
XQGHUFRQVLGHUDWLRQRIWKHWLPHYDOXHRIPRQH\>@
7KH VHFRQG TXHVWLRQ UDLVHG DERYH FRQFHUQV WHFKQRORJLFDO
WDUJHWV7KHLULPSRUWDQFHFOHDUO\DUJXHVIRULQFOXGLQJWKHPLQ
WKH WDUJHW V\VWHP +RZHYHU GXH WR WKHLU FKDUDFWHU DV
SUHUHTXLVLWH RI HFRQRPLF HFRORJLFDO DQG VRFLDO WDUJHWV WKLV
ZLOO SUREDEO\ UHVXOW LQ GRXEOH FRXQWLQJ HIIHFWV ZKLFK PLJKW
GLVWRUWWKHUHVXOWV7KXVLWLVVXJJHVWHGWREXLOGDKLHUDUFKLFDO
WDUJHW V\VWHP LQFOXGLQJ WHFKQLFDO WDUJHW FULWHULD DW RQH OHYHO
DQGWKHWDUJHWFULWHULDLQIOXHQFHGE\ WKHPDWDGLIIHUHQWOHYHO
$GGLWLRQDOO\WKHUHODWLRQVKLSEHWZHHQWHFKQLFDODQGRWKHUFUL
WHULDVKRXOGEHFRPSULVHG7KHLGHQWLILFDWLRQDQGGHILQLWLRQRI
WHFKQRORJLFDOWDUJHWV\VWHPVFDQEHKDQGOHGDQDORJRXVO\WRWKH
RWKHU WDUJHWV 2QH GLIIHUHQFH PLJKW EH WKDW QRW WKH WDUJHW
V\VWHPRI WKH FRPSDQ\ EXW WKH RWKHU WDUJHW FULWHULD IRUP WKH
LQLWLDOSRLQW
6WDUWLQJIURPWKH³PHWDWDUJHWV´RIVXVWDLQDELOLW\DQGWDNLQJ
WKH DIRUHPHQWLRQHG DVSHFWV LQWR DFFRXQW LQFOXGLQJ WKH
OLPLWDWLRQ WR WDUJHWV LQIOXHQFHG E\ WKH DOWHUQDWLYHV D WDUJHW
V\VWHP IRU WKH SUREOHP GHVFULEHG LQ 6HFWLRQ  LV GHULYHG DV
IROORZV
x (FRQRPLFVXVWDLQDELOLW\LVPHDVXUHGE\WKHSURILWWKDWLV
\LHOGHGE\WKHDOWHUQDWLYHVXQGHUFRQVLGHUDWLRQ)RUDORQJ
WHUPHYDOXDWLRQDQHWSUHVHQWYDOXHVKRXOGEHSUHIHUUHG
6LQFHWKHWLPHKRUL]RQRIDQDO\VLVLVUDWKHUVKRUWKHUHWKH
SURILWDVWKHGRPLQDQWPRQHWDU\VKRUWWHUPWDUJHWILJXUHRI
FRPSDQLHVLVDQDGHTXDWHPHDVXUH
x (FRORJLFDOVXVWDLQDELOLW\LVHYDOXDWHGXVLQJWKHFDUERQ
IRRWSULQW±DVWKHPRVWSURPLQHQWHFRORJLFDOWDUJHWPHDVXUH
ZLWKUHVSHFWWRHQHUJ\FRQVXPSWLRQDWSUHVHQW
x )RUVRFLDOVXVWDLQDELOLW\KDUGO\DJJUHJDWHPHDVXUHVGR
H[LVW+RZHYHUWKLVLVQRSUREOHPKHUH7KHRQO\UHOHYDQW
VRFLDOHIIHFWRIHQHUJ\VHQVLWLYHSURGXFWLRQVWUDWHJLHVLVWKH
QXPEHURIQLJKWGD\ZRUNLQJKRXUVRIWKHVXEV\VWHPV
7KXVWKLVQXPEHULVWDNHQDVWDUJHWILJXUHUHSUHVHQWLQJ
VRFLDOVXVWDLQDELOLW\
x 7HFKQRORJLFDOO\RULHQWHGHIIHFWVRIWKHSURGXFWLRQVWUDWH
JLHVFRQFHUQWKHRXWSXWRIFDUERGLHVWKHXVHRIHOHFWULFLW\
DQGWKHVKDUHRIHOHFWULFLW\JHQHUDWHGIURPUHQHZDEOHHQHU
J\VRXUFHV5(6$FFRUGLQJWRWKHPHDQVHQGFKDUDFWHURI
WHFKQRORJLFDOWDUJHWVRXWOLQHGDERYHDVZHOODVWKHIDFWWKDW
WKHVHILJXUHVDOOFRQFHUQHFRQRPLFDQGRUHFRORJLFDODQG
VRFLDOWDUJHWVWKH\DUHORFDWHGDWWKHVHFRQGOHYHORIWKH
UHVXOWLQJWDUJHWKLHUDUFK\WKDWLVVKRZQLQ)LJ
6XVWDLQDELOLW\
6RFLDO
+RXUVGD\QLJKW
6KDUHRI
5(66WRFN2XWSXW
%XIIHU
VSDFH
(FRORJLFDO
&DUERQ)RRWSULQW
(OHFWULFLW\
(FRQRPLF
3URILW

)LJ7DUJHWV\VWHPIRUWKHFDVHVWXG\
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)LJ RPLWV WKH XQGHUO\LQJ FRQQHFWLRQRI WKHGLVWULEXWLRQ
RIZRUNRYHUWLPHZLWKWKHVKDUHRI5(6DQGKRXUVGD\QLJKW
7KLV LV GRQH DV WKH GLVWULEXWLRQ LV QRW VWULFWO\ D WHFKQLFDO
LQGLFDWRUZKLOHVWLOOKDYLQJDQHIIHFWRQWKHDIRUHPHQWLRQHG
&RQFOXGLQJ LW KDV WR EH PHQWLRQHG WKDW WKH VKDUH RI
QLJKWGD\ZRUNLQJKRXUVSOD\DGRXEOHUROH2QWKHRQHKDQG
LW VHUYHV DV D WDUJHW ILJXUH UHSUHVHQWLQJ WKH HIIHFWV RQ VRFLDO
VXVWDLQDELOLW\RQWKHRWKHUKDQGLWLQIOXHQFHVSURGXFWLRQFRVWV
DQGWKXVSURILW7KHQH[WVHFWLRQGLVFXVVHVKRZWKLVVSHFLILF
PXOWLFULWHULDGHFLVLRQPDNLQJSUREOHPFDQEHVROYHG
 'HFLVLRQPDNLQJSURFHGXUHV
,Q JHQHUDO PXOWLFULWHULD GHFLVLRQPDNLQJ 0&'0
SUREOHPVFDQEHFODVVLILHGDFFRUGLQJWRWKHQXPEHURIDOWHUQD
WLYHV±LQWRSUREOHPVZLWKDOLPLWHGGLVFUHWHQXPEHURIDOWHU
QDWLYHVPXOWLDWWULEXWHGHFLVLRQPDNLQJ0$'0DQGSURE
OHPVZLWKDQLQILQLWHYHU\ODUJHQXPEHURIDOWHUQDWLYHVPXOWL
REMHFWLYH GHFLVLRQPDNLQJ 02'0 >@ 7KH GHFLVLRQ
SUREOHPFKDUDFWHUL]HGLQ6HFWLRQFRPSULVHVVXESUREOHPVRI
ERWKW\SHV7KHFKRLFHRIDQHQHUJ\VHQVLWLYHRUDQDOWHUQDWLYH
SURGXFWLRQVWUDWHJ\RXWRIIHZQXPEHURIDYDLODEOHVWUDWHJLHV
FDQ EH LQWHUSUHWHG DV EHLQJ RI WKH0$'0W\SH LQ FRQWUDVW
WKHGHWHUPLQDWLRQRIWKHGHFLVLRQSDUDPHWHUVFRQFUHWLVLQJHDFK
VWUDWHJ\VKRZV02'0FKDUDFWHULVWLFVGXHWRWKHYHU\KLJKLI
QRWLQILQLWHQXPEHURISRVVLEOHSDUDPHWHUVHWWLQJV
,QVXFKDVLWXDWLRQGLIIHUHQWGHFLVLRQPDNLQJVWUDWHJLHVDUH
RQKDQG
x 7KHHQWLUHSUREOHPPD\EHLQWHUSUHWHGDVD02'0
SUREOHPVRWKDWVWUDWHJLHVDQGSDUDPHWHUVDUHFKRVHQ
VLPXOWDQHRXVO\
x 7KHGHFLVLRQSUREOHPFDQEHVSOLWLQWRVXESUREOHPVRI
0$'0DQG02'0W\SHDQGVROYHGVWHSZLVHE\ILUVW
FKRRVLQJDVWUDWHJ\DQGWKHQGHWHUPLQLQJWKHSDUDPHWHUV
IRUWKHFKRVHQVWUDWHJ\RUE\ILUVWRSWLPLVLQJWKH
SDUDPHWHUVIRUDOORSWLRQDOVWUDWHJLHVDQGWKHQVHOHFWLQJWKH
SUHIHUDEOHVWUDWHJ\

'XH WR WKH VSHFLILF SUREOHP FKDUDFWHULVWLFV WKH
VLPXOWDQHRXV SUREOHPVROYLQJ ZD\ GRHV QRW VHHP WR EH
DGYLVDEOH GXH WR D KLJK FRPSXWLQJ HIIRUW DQG WKH HDV\
GLYLVLELOLW\RIWKHSUREOHP7KHILUVWVXFFHVVLYHRSWLRQFDXVHV
OHVV HIIRUW EXW LPSOLHV WKH GDQJHU RI FKRRVLQJ WKH ZURQJ
VWUDWHJ\EHFDXVHRIDPLVVLQJFRQFUHWLVDWLRQRIWKHVWUDWHJLHV
WKHVHFRQGZD\VKRZVRSSRVLWHHIIHFWV$FRPSURPLVHFRXOG
EHDSUHOLPLQDU\URXJKGHWHUPLQDWLRQRISDUDPHWHUVIROORZHG
E\VWUDWHJ\VHOHFWLRQDQG WKH ILQDO ILQH VHWWLQJRISDUDPHWHUV
,Q WKH IROORZLQJ VHFWLRQ WKH SURFHGXUH RI FRQFUHWLVLQJ
SDUDPHWHUVLVVKRZQIRUWKHH[DPSOHRIWKH&RQ(Q,3VWUDWHJ\
ZKLFKPLJKWEHDVHOHFWHGRURSWLRQDORQH
%HIRUHKDQG WKH PHWKRGV IRU VROYLQJ 0&'0 SUREOHPV
VKDOO EH EULHIO\ LQWURGXFHG )RU 0$'0 SUREOHPV D KXJH
YDULHW\RIPHWKRGVGRH[LVWZLWKPRVWRIWKHPVXFKDV8WLOLW\
9DOXH $QDO\VLV $QDO\WLF +LHUDUFK\ 3URFHVV DQG 0XOWL
$WWULEXWH8WLOLW\7KHRU\FDOFXODWLQJD ILQDOXWLOLW\YDOXHDVD
UHVXOWRITXDQWLWDWLYHPHDVXUHVRIWKH IXOILOPHQWRI WKHVLQJOH
WDUJHWVZKLFKDUHZHLJKWHGDFFRUGLQJWRWKHWDUJHW¶VUHOHYDQFH
7KHVHPHWKRGV DVVXPH FRPSHQVDWLRQ RI D ORZ IXOILOPHQW RI
VLQJOHWDUJHWV±WKXVH[FOXVLYHFULWHULDKDYHWREHFRQVLGHUHG
EHIRUHDSSO\LQJRQHRIWKHVHPHWKRGV>@
02'0 PHWKRGV W\SLFDOO\ ILUVW LGHQWLI\ DQG HOLPLQDWH
LQHIILFLHQW GRPLQDWHG VROXWLRQV $IWHUZDUGV IURP WKH
UHVXOWLQJHIILFLHQWVROXWLRQVWKHRQHLVVHOHFWHGWKDWEHVWIXOILOV
WKH WDUJHWV ZLWK UHVSHFW WR WKH LQGLYLGXDO SUHIHUHQFHV RI D
GHFLVLRQPDNHU$OWHUQDWLYHO\DFRXSOHRIDOWHUQDWLYHVFDQEH
SUHVHOHFWHG WKDW IXOILO WKH WDUJHWV RQ D KLJK OHYHO IURP WKH
SHUVSHFWLYH RI RQH RU PRUH GHFLVLRQ PDNHUV )RU WKLV
VHOHFWLRQ VWHS GLIIHUHQW SURFHGXUHV PD\ EH DSSOLHG HJ D
VWHSZLVHVHOHFWLRQDFFRUGLQJWRDUDQNLQJRIWDUJHWVRUDJDLQ
WKHXVHRIDJJUHJDWHGXWLOLW\YDOXHV>@
7KH IROORZLQJ VHFWLRQ VKRZV KRZ VLPXODWLRQDVVLVWHG
02'0FDQEHDSSOLHGWRLGHQWLI\VXLWDEOHSDUDPHWHUVDIWHUD
FRQWUROVWUDWHJ\KDVEHHQSUHVHOHFWHGXVLQJ0$'0
4.Application and discussion of results 
7KHLQYHVWLJDWLRQRIPXOWLSOHSURGXFWLRQFRQWUROVWUDWHJLHV
LQ RUGHU WR GHWHUPLQH WKHLU RSWLPDO SDUDPHWHUV LV D WLPH
FRQVXPLQJWDVN)XOOIDFWRULDODQDO\VLVIRUVWRFKDVWLFSUREOHPV
ZLWK QSDUDPHWHUV DQGP VWHSV \LHOG QPSDUDPHWHU VHWV >@
7KH XVH RIPHWDKHXULVWLFV HJ JHQHWLF DOJRULWKPV KHOSV WR
PLQLPLVHWKHHIIRUWDWWKHULVNRIRQO\ILQGLQJORFDORSWLPDE\
DSSO\LQJD OLPLWHGGLUHFWHGVHDUFKRQ WKH VHDUFKVSDFH6WLOO
WKLVFDQGHSHQGLQJRQWKHFRPSOH[LW\VWLOOEHWHGLRXVZRUN
$FFRUGLQJO\ WKH FDVH VWXG\ GHVFULEHG LQ 6HFWLRQ  LV
LQYHVWLJDWHG XQGHU WKH DVVXPSWLRQ WKDW &RQ(Q,3 KDV WR EH
FRQFUHWLVHG IROORZLQJ WKH VSOLW 0$'002'0SURFHGXUH
RXWOLQHGLQ6HFWLRQ7KHIROORZLQJVHFWLRQVGHWDLOKRZWKH
16*$,,JHQHWLFDOJRULWKPFI>@KDVEHHQDSSOLHGIRUWKH
VHDUFKIRU3DUHWRRSWLPDOSDUDPHWHUVHWVIRUWKHWDUJHWV\VWHP
GHILQHGLQ6HFWLRQDQGUHVXOWVWKHUHRIDUHSUHVHQWHG
 ,PSOHPHQWDWLRQDQGH[SHULPHQWV
7KH SURGXFWLRQ V\VWHP LQWURGXFHG LQ 6HFWLRQ  KDV EHHQ
PRGHOOHG LQ WKH GLVFUHWHHYHQW VLPXODWLRQ VRIWZDUH 6LHPHQV
7HFQRPDWL[ 3ODQW 6LPXODWLRQ >@ 6WRFKDVWLF LQIOXHQFHV DUH
HTXLSPHQWEUHDNGRZQVZKLFKDUHUDQGRPO\LQWURGXFHGLQWKH
VLPXODWLRQ )XUWKHUPRUH WKH &RQ(Q,3 FRQWURO VWUDWHJ\ KDV
EHHQ LPSOHPHQWHG LQ WKHPRGHO )RU HDFK RI WKH SDUDPHWHUV
LQWURGXFHG LQ6HFWLRQEHWZHHQ DQG VWHSVZHUHSUHGH
WHUPLQHGFRQVLGHULQJFRQVWUDLQWVVXFKDVDYDLODEOHVSDFHHWF
(DFK VLPXODWLRQ UXQ \LHOGV D PXOWLWXGH RI GDWD ZKLFK LV
XVHGWRHYDOXDWHLQGLYLGXDOSDUDPHWHUVHWV)RUWKHSXUSRVHRI
WKLVLQYHVWLJDWLRQWKHIROORZLQJLQGLFDWRUVDUHFDOFXODWHG
x 2XWSXWRIFDUERGLHV
x 3URGXFWLRQFRVWVEDVHGRQSURILWPRGHOGLVFXVVHGLQ>@
x &2HTXLYDOHQWIRUXVHGHOHFWULFLW\DQG
x 1LJKWZRUNLQJKRXUVRIWKHVXEV\VWHPV
7KH HDUOLHU WZR FDQ RSWLRQDOO\ EH XVHG WR FDOFXODWH WKH
SURILWRI WKHSURGXFWLRQV\VWHPDV WKHGLIIHUHQFHRI UHYHQXHV
DVSURGXFWRIRXWSXWDQGXQLWSULFHDQGFRVWV)ROORZLQJ>@
WKHFRVWVLQFOXGHERWKYDULDEOHDQGIL[HGFRVWVIRUHQHUJ\DQG
LQWHUPHGLDWH VWRUDJH RI SDUWV ,Q RUGHU WR LQYHVWLJDWH WKH
LQIOXHQFH RI YRODWLOH HOHFWULFLW\ SULFHV WKH FDOFXODWLRQ RI
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YDULDEOHHQHUJ\FRVWVLVWLPHGHSHQGHQW7KHEDVLVIRUWKLVDUH
*HUPDQ\¶V HOHFWULFLW\ VSRW PDUNHW SULFHV RQ -XQH WK 
7KLV GD\ ZDV VHOHFWHG DV LW ZDV GHWHUPLQHG DV UHDVRQDEOH
DYHUDJH IRU D VXPPHU GD\ FRQVLGHULQJ WKH HQHUJ\PL[7KH
VSRWPDUNHWSULFHVZHUH UHWULHYHG IURP(3(;IRU WKHEORFNV
EXVLQHVV  UXVK KRXU  DQG RIISHDN
)URPWKHVHDZHLJKWHGDYHUDJH IRU WKHGD\KDV
EHHQ FDOFXODWHG ZKLFK ZDV XVHG WR GHWHUPLQH D UHODWLYH
GHYLDWLRQ IDFWRU IRU HDFK WLPH EORFN $FFRUGLQJ WR WKH
UHVSHFWLYHWLPHLQWKHVLPXODWLRQWKHVHIDFWRUVDUHPXOWLSOLHG
ZLWK WKH DYHUDJH HOHFWULFLW\ SULFH IRU LQGXVWULDO FXVWRPHUV
 ¼N:K DQG WKH FRQVXPHG HOHFWULFLW\ N:K WR
FDOFXODWHWKHUHVXOWLQJFRVWV
/DERXUFRVWVIRUZRUNLQJKRXUVERWKGXULQJGD\DQGQLJKW
ZHUH QRW FRQVLGHUHG LQ WKH FDOFXODWLRQ RI FRVWV :KLOH WKLV
FRQWUDVWVZLWKWKHWDUJHWV\VWHPIRUPXODWHGLQ6HFWLRQWKH
VLPSOLILFDWLRQZDVQHFHVVDU\DVQRJHQHUDOO\DJUHHDEOHKRXUO\
ZDJHFRXOGEHLGHQWLILHG
7KH&2HTXLYDOHQWLVGHWHUPLQHGRQWKHEDVLVRIWKH
HTXLYDOHQWRIWKH*HUPDQHQHUJ\PL[JN:K6LQFHWKH
EDVLVIRUWKLVQXPEHUDOVRLQFOXGHVUHQHZDEO\JHQHUDWHGHOHF
WULFLW\ DQ HTXLYDOHQW IRU MXVW FRQYHQWLRQDOO\ VRXUFHG HOHFWUL
FLW\ZDV FDOFXODWHG  JN:K $IWHU KDYLQJ GHWHUPLQHG
WKHVKDUHRIFRQYHQWLRQDOO\JHQHUDWHGHOHFWULFLW\IRUHYHU\
PLQXWHVWKLVFRHIILFLHQWDQGWKHHQHUJ\PL[RI-XQHWK
DUHXVHGWRFDOFXODWHWKH&2HTXLYDOHQW
)ROORZLQJ WKHUHDVRQLQJRI WKH LQWURGXFWRU\SDUDJUDSKVRI
WKLVVHFWLRQJHQHWLFDOJRULWKPVZHUHFKRVHQWRGHWHUPLQHWKH
PRVW VXLWDEOH SDUDPHWHUV 3ODQW 6LPXODWLRQ LQFOXGHV IHDWXUHV
ZKLFK DOORZ IRU WKLV WDVN 7KHVH DUH KRZHYHU EDVHG RQ D
ZHLJKWHG VXPHYDOXDWLRQRIPXOWLSOHREMHFWLYHV $VGHFLVLRQ
PDNHUV ZLOO IRFXV RQ GLIIHUHQW WDUJHW ILJXUHV LQ WKH WDUJHW
V\VWHPLWLVXQGHUVWDQGDEOHWKDWDJUHHLQJRQVSHFLILFZHLJKWV
FDQ EH GLIILFXOW )XUWKHUPRUH WKH FRQWULEXWLRQ RI LQGLYLGXDO
WDUJHWILJXUHVWRWKHHYDOXDWLRQDQGVHOHFWLRQSURFHGXUHVRIWKH
PHWDKHXULVWLF ZLOO QRW EH WUDQVSDUHQW DQG PRUH EDODQFHG
VROXWLRQVFRXOGEHORVWLQIDYRXURIYHU\H[WUHPHRQHV
,Q RUGHU WR EH DEOH WR GHFLGH RQ WKH PRVW VXLWDEOH VHW RI
SDUDPHWHUV WKH XVH RI PXOWLREMHFWLYH JHQHWLF DOJRULWKPV
ZKLFKDLPWRILQG3DUHWRRSWLPDOVROXWLRQVRQDSHUREMHFWLYH
EDVLVLVPRUHSURPLVLQJ+HQFHDQ16*$,,EDVHGDOJRULWKP
KDVEHHQLPSOHPHQWHGLQ3\WKRQXVLQJWKH'($3OLEUDU\>@
7KLV LPSOHPHQWDWLRQDGDSWVD'($3EDVHG UHLPSOHPHQWDWLRQ
RIWKHRULJLQDO16*$,,DOJRULWKP>@,QVWHDGRIDVLPXODWHG
ELQDU\ FURVVRYHU D XQLIRUP FURVVRYHU KDV EHHQ XVHG WR
DFFRXQW IRU WKH RUGHUHG LQWHJHU FRGLQJ RI LQGLYLGXDOV LH
HQWLUHJHQVDUHH[FKDQJHGDWUDQGRP
7KH 3\WKRQ VFULSW LV FDOOHG IURP WKH VLPXODWLRQ ZKHQ DQ
H[SHULPHQWRSWLPLVDWLRQFRPPHQFHV,WLVUHVSRQVLEOHIRUJHQ
HUDWLQJSDUDPHWHUVHWVLQGLYLGXDOVDVZHOODVFRQILJXULQJDQG
VWDUWLQJWKHHYDOXDWLRQRIWKHVHLQWKHVLPXODWLRQ7KLVLVGRQH
RQ D SHUJHQHUDWLRQ EDVLV PDNLQJ XVH RI WKH ([SHULPHQW
0DQDJHU WRRO LQ 3ODQW 6LPXODWLRQ 2QFH DOO LQGLYLGXDOV RI D
JHQHUDWLRQDUHHYDOXDWHGWKH3\WKRQVFULSWFRQWLQXHVWRVHOHFW
WKH ILWWHVW LQGLYLGXDOV IURP WKH MRLQHG SRSXODWLRQ RI SDUHQWV
DQG FKLOGUHQ1HZ FKLOGUHQ DUH JHQHUDWHG IURP WKH UHVXOWLQJ
SRSXODWLRQXVLQJWKHFURVVRYHUDQGWKHPXWDWLRQRSHUDWRUV
'XULQJ WKLV LWHUDWLYH SURFHVV GDWD LV H[FKDQJHG EHWZHHQ
WKH VLPXODWLRQ DQG WKH S\WKRQ VFULSW XVLQJ D 3RVWJUH64/
GDWDEDVH 7KLV GDWDEDVH VWRUHV LQIRUPDWLRQ RQ DOO HYDOXDWHG
JHQHUDWLRQVDQG LQGLYLGXDOV7KH ODWWHU LVDOVRXVHG WRHQVXUH
WKDW LGHQWLFDO LQGLYLGXDOV RFFXUULQJ GXULQJ WKH FRXUVH RI WKH
H[SHULPHQW DUH QRW HYDOXDWHG PXOWLSOH WLPHV EXW SUHYLRXV
UHVXOWVDUHUHXVHG,QWKHHQGDILQDOSRSXODWLRQRIWKHILWWHVW
LQGLYLGXDOV LV H[SRUWHG IRU D ILQDO 02'0 SURFHVV ZKLFK
GHWHUPLQHVWKHPRVWVXLWDEOHSDUDPHWHUVHWIRUWKHSUREOHP
+HUH WKLV VHWXS KDV EHHQ XVHG WR SURFHVV H[SHULPHQWV
ZKLFKLQFOXGHGJHQHUDWLRQVSOXVDQDGGLWLRQDOUDQGRPO\
JHQHUDWHG SDUHQWDO JHQHUDWLRQ ZLWK  LQGLYLGXDOV HDFK ,Q
WRWDOQRPRUHWKDQLQGLYLGXDOVQHHGWREHHYDOXDWHG7R
DFFRXQW IRU VWRFKDVWLF GHYLDWLRQV HDFK LQGLYLGXDO LV LQYHVWL
JDWHG  WLPHV IRU  GD\V RI SURGXFWLRQ DQG WKH VLPXODWLRQ
RXWSXW LVDYHUDJHGEHWZHHQ WKHVHUXQV:KLOH WKHFRQILGHQFH
LQ WKHVH DYHUDJHV LV ORZ WKH\PLWLJDWH WKH HIIHFW RI RXWOLHUV
7KH ILQDO JHQHUDWLRQPD\ LQ D ODWHU VWHSEH HYDOXDWHGXVLQJ
PRUHUXQVHLWKHULQLWVHQWLUHW\RUMXVWIRFXVLQJRQVHOHFWHGLQ
GLYLGXDOVWRSURGXFHUHVXOWVZLWKKLJKHUVWDWLVWLFDOFRQILGHQFH
 5HVXOWV
)ROORZLQJ WKH GLVFXVVLRQ LQ 6HFWLRQ  WHFKQLFDO LQGLFD
WRUV ZLOO LQIOXHQFH HFRQRPLF HFRORJLF DQG VRFLDO WDUJHW
ILJXUHV +RZHYHU WKH ILQDO GHFLVLRQPDNLQJ SURFHVVHV
W\SLFDOO\ FDUULHGRXW LQPLGGOH DQGKLJKHUPDQDJHPHQW DUH
RIWHQSUHSDUHGRQORZHUKLHUDUFK\OHYHOVRIWKHFRPSDQ\HJ
E\ VLPXODWLRQ HQJLQHHUV ZKHUH WHFKQLFDO LQGLFDWRUV DUH
GHHPHGPRUHLPSRUWDQW)RUWKHSUHVHQWHGFDVHVWXG\LWFRXOG
EH K\SRWKHVL]HG WKDW DQ RSWLPLVDWLRQ WDUJHWLQJ FRVWV DQG
RXWSXW LQVWHDG RI MXVW SURILW HLWKHU VXSSOHPHQWLQJ &2
HTXLYDOHQW DQG QLJKW ZRUNLQJ KRXUV DV RSWLPLVDWLRQ WDUJHWV
FRXOG \LHOG GLIIHUHQW UHVXOWV $FFRUGLQJO\ WZR LQGHSHQGHQW
RSWLPLVDWLRQVZLWKDQGWDUJHWILJXUHVKDYHEHHQH[HFXWHG
)LJ  GHSLFWV WKH UHVXOWV RI WKH ILQDO JHQHUDWLRQ IURP WKH
SURILWEDVHGRSWLPLVDWLRQIRUWKH&2HTXLYDOHQWDQGWKHQLJKW
ZRUNLQJKRXUVUHODWLQJWRSRVVLEOHSURILWV,W LVDSSDUHQW WKDW
VHYHUDO GLVFRQQHFWHG IURQWV RI SDUDPHWHU VHWV ZLWK
DSSUR[LPDWHO\ VLPLODU SURILWV EXW PRUH KLJKO\ YDU\LQJ &2
HTXLYDOHQWH[LVW7KHVDPHDSSOLHVIRUQLJKWZRUNLQJKRXUV
,QJHQHUDOWKHIROORZLQJUHODWLRQVFDQEHLGHQWLILHG
x JUHDWHUSURILWFRLQFLGHZLWKKLJKHU&2HTXLYDOHQW

)LJ&2HTXLYDOHQWDQGQLJKWZRUNLQJKRXUVUHODWLQJWRSURILWVIRU
SDUDPHWHUVHWVRIWKHILQDOJHQHUDWLRQIURPSURILWEDVHGRSWLPLVDWLRQ
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x IHZHUQLJKWZRUNLQJKRXUVFRLQFLGHZLWKKLJKHU&2
HTXLYDOHQWFI)LJ\SRVLWLRQRIIURQWVOHIWWRULJKW
x ZLWKLQWKHLGHQWLILHGIURQWVVHH)LJPRUHQLJKWZRUNLQJ
KRXUVFRLQFLGHZLWKJUHDWHUSURILWEXWPRUHSURILWFDQEH
JHQHUDWHGZLWKIHZHUQLJKWZRUNLQJKRXUV
&RQFOXGLQJIURPWKHVHUHVXOWVLWFDQEHVWDWHGWKDWWKHUHLV
DOZD\VD ODUJHUJURXSRISDUDPHWHUVHWV IURQWZKLFKDSSHDU
SUHIHUDEOHFRQVLGHULQJRQHWDUJHW ILJXUHDVWKHGRPLQDQWRQH
+HQFHWKHWDUJHWILJXUHVVKRXOGEHUDQNHGVRGHFLVLRQPDNHUV
PD\ HOLPLQDWH OHVV IDYRXUDEOH VROXWLRQV LQ D VWHSE\VWHS
SURFHVV WR LGHQWLI\ WKHEHVWFKRLFH)RU WKHSUREOHPDW KDQG
WKHIURQWZLWKWKHKLJKHVWSURILWVFRXOGEHFKRVHQDQGIURPLW
WKH SDUDPHWHU VHW ZLWK WKH ORZHVW &2 HTXLYDOHQW VHOHFWHG
7KLVZRXOGDOVRFRLQFLGHZLWKWKHORZHVWQLJKWZRUNLQJKRXUV
2QFH D VHOHFWLRQ KDV EHHQ PDGH LW PD\ EH QHFHVVDU\ WR
QRUPDOLVHWKHSDUDPHWHUVWRDFFRXQWIRUUDQGRPHIIHFWVRIWKH
RSWLPLVDWLRQ )RU LQVWDQFH ZKHQ WKH VHOHFWHG SDUDPHWHU VHWV
VXJJHVW GLIIHUHQW VL]HV IRU EXIIHUV GHFRXSOLQJ VLPLODU
VXEV\VWHPV WKHVH VKRXOG EH DOLJQHG )XUWKHUPRUH D
YDOLGDWLRQ XVLQJ PRUH UXQV LV DGYLVDEOH WR HQVXUH ODFN RI
FRQILGHQFHLQWKHUHVXOWVIURPWKHRSWLPLVDWLRQLVQHJOLJLEOH
$QDO\VLQJWKHUHVXOWVIURPWKHVHFRQGRSWLPLVDWLRQZKLFK
XVHGWDUJHWILJXUHVRXWSXWFRVWV&2HTXLYDOHQWDQGQLJKW
ZRUNLQJKRXUVVLPLODUGHSHQGHQFLHVDQGWUHQGVFRPSDUHGWR
WKHDERYHFDQEHLGHQWLILHG7KLVGLVFRXUDJHVWKHK\SRWKHVLV
WKDW GLIIHUHQW UHVXOWV FRXOG EH \LHOGHG )LJ  VKRZV WKDW WKH
K\SRWKHVLV DSSHDUV LQGHHG XQIRXQGHG 7KH UHVXOWV RI ERWK
RSWLPLVDWLRQVPDWFKHDFKRWKHUTXLWH FORVHO\+HQFH WKHXVH
RIIHZHUWDUJHWILJXUHVLVSUHIHUDEOHDVLWZRXOGHDVHWKHILQDO
VHOHFWLRQRIWKHPRVWVXLWDEOHSDUDPHWHUVHW
,Q FRQFOXVLRQ WKH H[SHULPHQWDO VHWXS ZDV FDSDEOH RI
LGHQWLI\LQJ 3DUHWRRSWLPDO SDUDPHWHU VHWV IRU WKH SUHYLRXVO\
VHOHFWHG HQHUJ\VHQVLWLYH SURGXFWLRQ FRQWURO VWUDWHJ\
&RQ(Q,37KHVH FDQ WKHQ EH XVHG LQ D VXEVHTXHQW GHFLVLRQ
PDNLQJ SURFHVV ,W LV VWLOO DGYLVDEOH WR FROOHFW DOO WHFKQLFDO
LQGLFDWRUVHYHQLI WKH\DUHQRWXVHGLQWKHLPPHGLDWHRSWLPL
VDWLRQ7KXV WKH\PD\EH UHIHUHQFHG LQ WKHGHFLVLRQPDNLQJ
SURFHVV HVSHFLDOO\ LQ ORZHU OHYHOVRI KLHUDUFK\ IRU LQVWDQFH
WR HOLPLQDWH UHVXOWV ZKLFK YLRODWH D SUHGHILQHG WKUHVKROG IRU
WKHOHDVWRXWSXWGHVLUDEOH$GGLWLRQDOO\WKHUHVXOWVFDQEHXVHG
IRUHYDOXDWLQJ WKHSUHIHUDELOLW\RIGLIIHUHQW HQHUJ\VHQVLWLYH
SURGXFWLRQVWUDWHJLHVZLWKUHVSHFWWRVXVWDLQDELOLW\WDUJHWV


)LJ1LJKWZRUNLQJKRXUVDQG&2HTXLYDOHQWIRUSDUDPHWHUVHWVRIILQDO
JHQHUDWLRQVRIERWKRSWLPLVDWLRQVDQGWDUJHWILJXUHV
5.Conclusion and Outlook 
7KHSDSHUSUHVHQWVDQDSSURDFKIRUGHVLJQLQJDQGFRQWURO
OLQJ SURGXFWLRQ VWUDWHJLHV WKDW DUH DLPLQJ DW FRQWULEXWLQJ WR
VXVWDLQDELOLW\ 7KH DSSURDFK FRPELQHV LQVLJKWV DQG PHWKRGV
IURPGHFLVLRQ WKHRU\DQGPXOWLFULWHULDGHFLVLRQPDNLQJZLWK
WKRVHRISURGXFWLRQSODQQLQJDQGFRQWURO7KURXJKVLPXODWLRQ
DKLJKIOH[LELOLW\DQGDSSOLFDELOLW\DWGLIIHUHQWFRPSDQ\OHYHOV
DUHDFKLHYHG7KHDSSURDFKKDVEHHQH[HPSOLILHGIRUDQHQHU
J\VHQVLWLYHSURGXFWLRQFRQWUROVWUDWHJ\LQDFDUERG\VKRS
)XUWKHU UHVHDUFK VKRXOG DGGUHVV GLIIHUHQW WRSLFV 7KH
WDUJHWIRUPLQJSURFHVVRXWOLQHGLQ6HFWLRQDQGWKHUHVXOWLQJ
WDUJHW V\VWHP DV ZHOO DV WKH GHFLVLRQPDNLQJ SURFHGXUHV
VKRXOG EH GLVFXVVHG DQG HODERUDWHGPRUH GHHSO\ LQ RUGHU WR
GHYHORSPDWXUHJHQHULFSURFHVVHVSURFHGXUHVDQGVXVWDLQDELO
LW\RULHQWHGWDUJHWV\VWHPVIRUJURXSVRISURGXFWLRQSODQQLQJ
SUREOHPV$GGLWLRQDOO\ WKHGLIIHUHQW UROHV DQG WDUJHWVRI WKH
GHFLVLRQPDNHUVDWFRPSDQ\OHYHOVDQGGHSDUWPHQWVVKRXOGEH
DQDO\VHGLQRUGHUWRGHVLJQDQGHVWDEOLVKFRRUGLQDWLRQPHFKD
QLVPVWKDWHQVXUHFRQVLVWHQWWDUJHWV\VWHPVDQGFRUUHVSRQGLQJ
DFWLRQV DW GLIIHUHQW FRPSDQ\ OHYHOV DQG GHSDUWPHQWV 7KH
DSSURDFKVXJJHVWHGKHUHFDQIRUPDSDUWRIVXFKFRRUGLQDWLRQ
PHFKDQLVPV VLQFH LW LV DEOH WR UHYHDO WKH WUDGHRIIV EHWZHHQ
WKHDFKLHYHPHQWVRIGLIIHUHQW WHFKQLFDOHFRORJLFDOHFRQRPLF
DQGVRFLDOWDUJHWV
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